For successful birth, contractions need to become progressively stronger. The underlying mechanisms are unknown, however. We have found that a novel mechanism, hypoxia-induced force increase (HIFI), is switched on selectively, at term, and is essential to strengthening contractions. HIFI is initiated as contractions cyclically reduce blood flow and produce repeated hypoxic stresses, with associated metabolic and transcriptomic changes. The increases in contractility are a long-lasting, oxytocin-independent, intrinsic mechanism present only in the full-term pregnant uterus. HIFI is inhibited by adenosine receptor antagonism and blockade of cyclooxygenase-2 signaling, and partially reproduced by brief episodes of acidic (but not alkalotic) pH. HIFI explains how labor can progress despite paradoxical metabolic challenge, and provides a new mechanistic target for the 1 in 10 women suffering dysfunctional labor because of poor contractions. myometrium | smooth muscle | pH | hypoxia | hypoxic preconditioning P ulsatile releases of oxytocin are important for labor, but as oxytocin knockout mice deliver normally (1), other mechanisms for increasing contractile strength must occur. A puzzling feature of labor is that contractions become progressively stronger as the myometrium (uterine muscle) experiences repetitive metabolic stress from hypoxia. This reaction occurs because as contractions develop they briefly compress the uterine blood vessels (2, 3). Transient decreases of oxygenation, pH, and ATP, all of which if sustained can decrease contractile activity, occur in vivo with each contraction (3-5). Hypoxia regulates a large number of genes, including those governing metabolism and function in many tissues, and changes in genes associated with hypoxia have been identified as key findings in transcriptomic studies of poorly laboring women (6, 7). Chaemsaithong et al. and Mittal et al. confirmed changes in hypoxia-inducible factor 1a (HIF1a) using RT-PCR, as well as overexpression of cyclooxygenase-2 (COX2) in myometrium and endothelial NOS, which is important for blood vessel dilation. There is, however, no empirical evidence showing how such changes could be important to successful labors, and no existing mechanism linking hypoxia to an increase in contractions. In contrast, studies of hypoxia in myometrium and other smooth muscles show it to decrease contractility (8, 9).
For successful birth, contractions need to become progressively stronger. The underlying mechanisms are unknown, however. We have found that a novel mechanism, hypoxia-induced force increase (HIFI), is switched on selectively, at term, and is essential to strengthening contractions. HIFI is initiated as contractions cyclically reduce blood flow and produce repeated hypoxic stresses, with associated metabolic and transcriptomic changes. The increases in contractility are a long-lasting, oxytocin-independent, intrinsic mechanism present only in the full-term pregnant uterus. HIFI is inhibited by adenosine receptor antagonism and blockade of cyclooxygenase-2 signaling, and partially reproduced by brief episodes of acidic (but not alkalotic) pH. HIFI explains how labor can progress despite paradoxical metabolic challenge, and provides a new mechanistic target for the 1 in 10 women suffering dysfunctional labor because of poor contractions.
myometrium | smooth muscle | pH | hypoxia | hypoxic preconditioning P ulsatile releases of oxytocin are important for labor, but as oxytocin knockout mice deliver normally (1), other mechanisms for increasing contractile strength must occur. A puzzling feature of labor is that contractions become progressively stronger as the myometrium (uterine muscle) experiences repetitive metabolic stress from hypoxia. This reaction occurs because as contractions develop they briefly compress the uterine blood vessels (2, 3) . Transient decreases of oxygenation, pH, and ATP, all of which if sustained can decrease contractile activity, occur in vivo with each contraction (3) (4) (5) . Hypoxia regulates a large number of genes, including those governing metabolism and function in many tissues, and changes in genes associated with hypoxia have been identified as key findings in transcriptomic studies of poorly laboring women (6, 7) . Chaemsaithong et al. and Mittal et al. confirmed changes in hypoxia-inducible factor 1a (HIF1a) using RT-PCR, as well as overexpression of cyclooxygenase-2 (COX2) in myometrium and endothelial NOS, which is important for blood vessel dilation. There is, however, no empirical evidence showing how such changes could be important to successful labors, and no existing mechanism linking hypoxia to an increase in contractions. In contrast, studies of hypoxia in myometrium and other smooth muscles show it to decrease contractility (8, 9) .
Of note, however, are studies demonstrating ischemic tolerance as an adaptive response initiated by several exposures to a stressor of mild severity, from which resistance to ischemia is markedly increased. This is known as hypoxic or ischemic preconditioning, and has been best investigated in cardiac muscle (10) and brain (11) , where it is considered to be a powerful mechanism for limiting ischemic damage. Given that physiological decreases in oxygenation are part of the normal process of labor (4, 12) , this finding therefore raised some important questions: What is the effect of brief but repetitive periods of hypoxia on uterine contractility? And, do cycles of brief hypoxia initiate and maintain the progressive augmentation of contractility needed for labor?
Results
Repetitive Hypoxia Causes Persistent Augmentation of Uterine Contractility: Hypoxia-Induced Force Increase. Spontaneous contractile activity can be observed in small uterine strips isolated from the rat. These contractions are steady and regular and this rhythmic muscular activity can be recorded for many hours when tissue is superfused with buffered physiological solution and bubbled with oxygen at 37°C. A typical recording of spontaneous uterine contractions from term-pregnant (day 22) myometrium is shown in Fig. 1 A, i. In a paired experiment, a second strip of myometrium had five periods of 5 min of hypoxia (produced by bubbling the solution with 100% N 2 ), which reduced the oxygen saturation to around 2%, as seen in Fig. 1C . Consistent with earlier studies, we found that during hypoxia uterine activity was decreased or abolished (8, 13) . However, we found that repeating the hypoxia in brief subsequent episodes consistently increased the amplitude of spontaneous uterine contractions during normoxia ( Fig. 1 A, ii) (n= 8). We found that 75% of the tested term-pregnant uterine strips reached the maximum level of force increase after three transient hypoxic episodes, and 25% of strips reached their maximum after the fourth episode.
This augmentation of contractility persisted for up to 12 h (n = 6) (see Fig. 1B for an example). These data demonstrate that hypoxia has a priming effect on myometrium leading to maintained increases in contraction strength, which we have called hypoxiainduced force increase (HIFI).
HIFI Is a Specific Adaptation of Term-Pregnant Myometrium. Hypoxic episodes were found to produce HIFI in the uterus at term.
Significance
Parturition requires strong uterine contractions. A longstanding enigma has been how contractions strengthen despite also causing transient ischemia as they occlude uterine blood vessels. Here we demonstrate a hitherto undescribed mechanism whereby in an adaptation at labor, brief hypoxia in uterine muscle, stimulates the contractile activity. We have named this hypoxia-induced force increase, or HIFI. We identify the underlying mechanism, which involves adenosine and prostaglandin and a rise in intracellular calcium, and show it is present in animal and human uterus, but only close to delivery. We speculate that aberrations in this powerful mechanism could underlie contractions being triggered too early (preterm labor) or if HIFI is deficient, weak contractions, and thus poor and unsuccessful term labors. Fig. 1D ), day 18 pregnant (Fig. 1E) , and nonpregnant ( Fig. 1F ) rat myometrium. Only in term-pregnant rats was the myometrium seen to increase contractility in response to hypoxia, with the amplitude of contractions increasing significantly to 133 ± 6% after the third hypoxic episode, compared with initial values (n = 12) (see Fig. S1 and Tables S1-S3 for absolute values of force and effects on other parameters of contraction). No significant increase in amplitude occurred with this protocol in myometrium from nonpregnant (n = 6) or 18-d pregnant myometrium (n = 9). It can also be seen that at these times the tissue takes progressively longer to recover from the hypoxic episodes. These data show that HIFI switched myometrial activity selectively only in full-term myometrium. We also undertook a subset of experiments in tissue from term-pregnant rats, where the pO 2 level was reduced to only 10% (n = 5). Increases in force were again found but these were not as large as those seen with 2% pO 2 . Thus, the amplitude of force only increased to 121 ± 5%.
HIFI Is Not Dependent on Oxytocin. Because oxytocin is a powerful stimulator of uterine contractions, it was important to determine if HIFI can be demonstrated on top of oxytocin stimulation, and if oxytocin is required for HIFI. Addition of oxytocin to the perfusate increased uterine activity as expected (14) . Compared with spontaneous activity, in the presence of oxytocin the effects of transient hypoxia on the amplitude of uterine contractions were more pronounced, as shown in Fig. 1G (typical of 10 others). Compared with the amplitude of force under control oxytocin conditions (100%), amplitude increased to 156 ± 5% in termpregnant myometrium after the third hypoxic episode (Fig. 1G) . These data show that HIFI will be present under the normal physiological milieu of labor and will produce functionally significant effects on contraction strength in labor. Although oxytocin clearly stimulates uterine contractions, the data on spontaneous contractions ( Fig. 1 A and B) indicates that it is not necessary for the effects of repetitive hypoxia to manifest. We tested this directly, by blocking oxytocin receptors with the selective antagonist atosiban, As shown in Fig. 1H , atosiban did not abolish the increases in force amplitude after hypoxic episodes (n = 4).
Repetitive Transient Acidic pH Episodes Increase Force. In vivo the ischemia associated with uterine contractions not only reduces oxygenation, it also produces acidification (12) and changes levels of adenosine metabolites, especially ATP (15) . Evidence from other tissues (16, 17) points to extracellular acidosis being part of the protective mechanism of ischemic tolerance. In the experiments shown in Fig. 1 , the external pH did not change from 7.4 because of buffering with Hepes. We therefore tested whether acidification also contributes to the mechanism of increasing contractility with hypoxia, by superfusing the uterus with repetitive brief episodes of acidic (6.9) external pH. As expected from our previous work (5, 13) , during the acidification uterine contractions decreased, especially in frequency, and there was a small decline in baseline tension (Fig. 2  A, i) . However, after each episode of acidification the magnitude of the contractions increased in a sustained manner. These increases were qualitatively similar to those produced by hypoxia; force amplitude increased significantly to 131 ± 4% (P < 0.05) after the third acidotic episode compared with initial values (n = 8). In contrast, making alkaline changes to external pH to 7.9 produced the expected stimulation of force and baseline tension (18) , but these changes were not sustained upon return to control (7.4) solution (n = 7), and there was no significant steady-state increase in force amplitude (paired data) (Fig. 2 A, ii) . In a subset of experiments we combined hypoxia and external acidification to 6.9. This protocol produced a larger mean increase in force than that with hypoxia or acidification alone (141 ± 7 after the third hypoxic/acidotic episode compared with the initial value, n = 5). Thus, in vivo it is likely that external acidification, as well as oxytocin, will synergize with HIFI.
The Mechanism of HIFI Is via A1 Adenosine Receptor and P2X7
Signaling Pathways. Increased adenosine as a consequence of hypoxia is recognized as one of the major metabolic changes with hypoxia, and adenosine-stimulating extracellular receptors have also been shown to be a key mechanism for producing preconditioning in cardiac muscle (19, 20) . We therefore investigated the effects in myometrium of a nonspecific adenosine receptor antagonist, 8-(p-sulfophenyl) theophylline (8-SPT) and the specific A1 adenosine receptor antagonist, 8-cyclopentyl-1,3-dipropylxanthine (DPCPX). Repeated episodes of hypoxia produced no increase in contractions during normoxia when 8-SPT or DPCPX were present ( Fig. 2 B and C; n = 7 and 4, respectively). Both antagonists had no effect on contractions in normoxic control conditions (Fig. 3C) .
In response to hypoxia cells release ATP to the extracellular fluid (15) , where it activates purinergic receptors. This activation has also been suggested to be part of the mechanism activating preconditioning. We therefore investigated if ATP in the absence of hypoxia could stimulate myometrial contractions. The effects of three applications of ATPγS (a nonhydrolysable analog) are shown in Fig. 2D . In term-pregnant rat myometrium, ATPγS greatly increased the frequency of contractions. Upon its removal from the perfusate a significant and maintained increase in uterine force amplitude occurred (n = 6, 143 ± 4% measured after the third application of ATPγS). Recent work has suggested that ATP-induced uterine activity in myometrium occurs mainly via binding to P2X7 receptors (21) . To determine if the P2X7 receptors mediated the increase in force amplitude during ATP applications and recoveries, a selective antagonist (A-438079) was applied and the hypoxic episodes or ATPγS repeated. We found ATP-increased uterine activity was greatly reduced or abolished with A-438079, as shown in Fig. 2E . Furthermore in paired data (n = 6), blocking P2X7 receptors with A-438079 abolished the hypoxia-induced force increases (Fig. 2 F, i) , whereas normal HIFI responses occurred in controls (Fig. 2 F, ii) .
COX2 and Intracellular Ca
2+ Are Downstream Targets of HIFI. A major pathway through which adenosine and ATP increase contractility is to increase Ca 2+ entry and stimulate prostaglandin production. Prostaglandin F2α (PGF2α), like oxytocin, is a major stimulator of uterine activity in labor (22) . Hypoxia has been shown to up-regulate COX2 and increase prostaglandin production in smooth muscle and other tissues (23, 24) , and this has been hypothesized to contribute to labor (25) . We therefore investigated the effects of inhibiting prostaglandin biosynthesis on HIFI by blocking the cyclo-oxygenases. The effects of the COX1 and COX2 inhibitor, indomethacin, or the relatively specific COX2 inhibitor, nimesulide, are shown in Fig. 3 A and B (n = 5 and 6), respectively. It is clear that both inhibitors abolished HIFI. Neither drug affected control contractions (Fig. 3C) . Given the importance of changes in Ca 2+ to signaling pathways and contractile activity, we next investigated if the repetitive episodes that increased contractility were associated with increased intracellular Ca 2+ or changes in Ca 2+ sensitivity of the myofilaments. Using the fluorescent Ca 2+ sensitive indicator, Indo-1, while simultaneously measuring contractions, the effects of hypoxia were investigated (8) . Fig. 3D shows the effect of brief hypoxia on myometrial Ca 2+ signaling (n = 5). These experiments were performed in a modified bath and perfusion system compatible with fluorescent imaging. The oxygen bath tension was around 5%, as opposed to 2% in the previous experiments (see Methods for details), and thus the HIFI response is not as marked. Consistent with previous studies (26) , there was a marked increase in basal Ca 2+ levels during hypoxia, which was not accompanied by increased baseline force (Fig. 3D) . As indicated by the horizontal lines in Fig.  3D , force clearly increases following the second hypoxic episode Fig. 2 . The effects of pH, adenosine and ATP on the mechanism of HIFI in term-pregnant rat myometrium. Repetitive brief episodes of (A-i) acidic (6.9) and (A-ii) alkalotic (7.9) external pH on myometrial contractility. Note that acidotic episodes could mimic the effects of hypoxia. Blocking the adenosine receptors with (B) nonspecific adenosine receptor blocker, 8-SPT and (C) with the specific A1 antagonist DPCPX, abolished the effects of hypoxic priming on contractions. (D) Three brief applications of ATPγS increased uterine contractile activity and (E) blocking the P2X7 receptors with A-438079 abolished the rebound increase in force induced by ATPγS episodes. When P2X7 receptors were blocked, little effect of hypoxia occurred with brief hypoxic episodes as in F-i compared with paired control (F-ii).
but there is no accompanying rise in the Indo-1 ratio (Tables S4  and S5 ). Our data can be taken to suggest that HIFI affects Ca 2+ sensitivity rather than increasing Ca 2+ entry, probably through inhibiting myosin light-chain phosphatase (27) or actin-mediated mechanisms (26) (Fig. 4C) . Such a Ca 2+ -sensitizing pathway has been proposed for PGF2α-induced contraction in myometrium (22) . To investigate if Ca 2+ entry is required during the hypoxic period to initiate HIFI, we used a protocol whereby Ca 2+ entry was blocked (zero-external Ca 2+ with 1 mM EGTA) and determined the consequences for the contractile response; repeated episodes of zero-external Ca 2+ in the presence of 100% O 2 or 100% N 2 were conducted. As expected (28), we found that removal of Ca 2+ from the perfusate abolished contractions (Fig. 3E ). Upon readmission of external Ca 2+ , force rapidly recovered, usually with a small but brief rebound increase in amplitude (Fig.  3E) (n = 7) . However, the same protocol, but with application of 5-min hypoxia, caused the same abolition of uterine contractions, but upon reoxygenation and readmission of external Ca 2+ , force recovered significantly (159 ± 9%) with greater and maintained force amplitude compared with initial value (Fig. 3F) (n = 10) . Thus, Ca 2+ entry is not required for generating the hypoxia-induced augmentation of uterine contractility.
HIFI Is Present in Term Human Myometrium. The above data were obtained on rat myometrium to study HIFI under well-defined conditions and with minimal variation in for example weight, gestational stage, parity, and also because the high frequency of contractions allows for many maneuvers and paired experiments to be undertaken. Given the possible importance of these findings to human labor, we have tested our key finding (i.e., brief repetitive hypoxic periods can lead to increased contractility upon reoxygenation) in human myometrium. Fig. 4 A and B, shows data taken from myometrium of women having Caesarean sections, either at term (n = 6, of whom 3 were in labor) or having a Caesarean section electively and therefore not in labor and earlier in pregnancy (38-39 wk gestation, n = 6). Only in tissues at term was there an increased contractility in normoxia following hypoxia (Fig. 4A) ; force amplitude significantly increased to 112 ± 2% after the first hypoxic episode relative to the initial control (100%). In nonlaboring women, there was no significant increase in contractility following hypoxia. Fig. 4B shows data typical of six biopsies. Thus, HIFI is selectively present in laboring or full-term, human myometrium.
Discussion
Our work clearly demonstrates that transient hypoxic episodes lead to a gestation-specific, on-going, and maintained increase in myometrial contractile activity, which we have termed hypoxiainduced force increase, or HIFI. Hypoxia is a ubiquitous regulator of a large number of genes, including those governing metabolism and function, with hypoxia-induced transcription factors mediating many of these responses (29) . Hypoxic preconditioning, whereby an initial series of hypoxic stimuli produce subsequent hypoxic tolerance, is recognized as a protective mechanism in several tissues (11, 30) . The preconditioning triggers a panoply of endogenous adaptive mechanisms and gene transcriptions. It has been suggested that redox signaling is responsible for the conversion of ischemic damage and induction of death signals into preconditioning survival signals (31) . It remains to be seen if this is the case in the myometrium. Even in well-studied organs, such as the heart and brain, there is debate as to exact mechanisms underlying preconditioning. We find that the unique setting of labor in biology, where a sustained rise in contraction strength is required for delivery of live offspring, in the face of persistent metabolic challenge initiated by hypoxia, has led to an effective increase in contractile drive in the myometrium. Thus, in term-myometrium a novel tissue response to hypoxia has been uncovered.
Given the range of pathways affected by hypoxia (Fig. 4C) , it is to be expected that in myometrium several metabolic factors have been found to contribute and coalesce to bring about an increase in force. The responding genes in the uterus are likely to be similar to those responding to hypoxia in other tissues, and specifically genes associated with hypoxia have been a key finding of studies of the myometrial transcriptome in women laboring poorly because of weak contractions, although the mechanistic relation to contractions was unknown (6) . In another molecular study of women with an arrest of descent during parturition, 400 genes were found altered compared with women laboring normally (7). Of note, these authors highlighted changes not just in HIF1α but also those associated with prostaglandin synthase and muscle function. Hypoxia and ischemia are also associated with dysfunction of the microvasculature, including an increase in permeability (32), which will also affect the extracellular fluid surrounding the myocytes. Our data suggest that brief hypoxic episodes stimulate increased adenosine and ATP release into the acidic extracellular milieu. The increased biosynthesis of prostaglandins, and possibly Ca 2+ sensitization also resulting from these changes, culminates in increased uterine contractions. Dougherty et al. (33) have recently shown that PKC activation increases Ca 2+ sensitivity of permeabilized lymphatic muscle via myosin light chain 20 phosphorylation-dependent and -independent mechanisms, and this may contribute to the sensitization in myometrium. It is also likely that actin dependent mechanisms of Ca 2+ sensitization are evoked (34, 35) . Physiologically, oxytocin is also likely to enhance the HIFI-producing mechanism. These in vitro effects of hypoxia are also found in vivo, following occlusion of uterine blood flow. An increase of force (intrauterine pressure) of 130-140% on reperfusion was reported and lasted for over 30 min. The significance of these data were not appreciated at the time (4, 12) . Our protocols (and in vivo studies) were developed to clearly demonstrate the effects of repetitive hypoxia and investigate its mechanism. We were able to show increases of amplitude of around 50% over the course of around an hour. During normal labor, where significant falls in oxygenation may last for only a minute, it is expected that these effects develop more gradually but increment with every contraction.
Myometrial genes and proteins are differentially expressed in pregnancy and labor (36) (37) (38) . The question therefore arises: Is there evidence for changes in genes or proteins associated with the pathways we are implicating, beyond those addressed above?
Of note here is that the inflammatory transcription factor NF-κB, which modulates COX expression, has been shown to increase (39) . Mouse models with mutations in components of steroid and other hormonal synthesis pathways, including phospholipase A2 and the PGF2α receptor, exhibit dystocia or a delay in labor onset [see Kimura et al. (40)], consistent with a role in HIFI. From our work and the data from transcriptomic studies of poor labors, which reported over 40 differentially expressed genes, it may be speculated that failures or delays in this intrinsic mechanism will contribute to the 10% of labors that fail to progress because of poor contractions, leaving an unplanned Caesarean section as the only delivery mode to save the baby.
Methods
Animals and Human Uterine Samples. Experiments were performed on intact uterine tissue from nonpregnant (175-200 g), late-pregnant (18 d), and termpregnant (22-d gestation) Wistar rats, humanely killed by cervical dislocation under CO 2 anesthesia in accordance with the United Kingdom Home Office guidelines. The uteri were removed and small strips (1-2 mm × 10 mm, width × length) of longitudinal smooth muscle were dissected and mounted in an organ bath containing Hepes-buffered physiological salt solution (154 mM NaCl, 5.6 mM KCl, 1.2 mM MgSO 4 , 7.8 mM glucose, 10.9 mM Hepes, and 2.0 mM CaCl 2 ), pH 7.4 at 37°C, and bubbled with 100% O 2 . This oxygenation was used to ensure equilibration throughout the tissue under control conditions and to allow comparison with previous studies. Some experiments were performed with 20% oxygen to provide data on nonsupraphysiological levels of O 2 . These five experiments showed there was no effect on force when oxygen was decreased from 100% to 20%. An example trace is shown in Fig. S2 . Biopsies of human myometrium were obtained from women undergoing Caesarean section, either electively before full term (week 38-39) and therefore before labor (n = 6), or at term, electively because of breech presentation (40 wk, n = 3) or in labor (n = 3, section for fetal distress). All women provided written informed consent and ethical approval was sought and granted by the Local Research Ethics Committee Experimental Protocol. Uterine strips were stretched to a standard resting tension of 10 mN and allowed to equilibrate for at least 30-60 min before any maneuvers were performed. Any strips not producing regular contractions were discarded. Many experiments were paired so that test and control data from an adjacent strip were investigated simultaneously. After steady spontaneous contractions were obtained, the effect of repeated episodes of transient hypoxia was investigated by replacing the oxygen in the chamber bath with 100% N 2 for 5-10 min, separated by periods of reoxygenation of 30 min (ii) ATP effluxes from the myocyte and stimulates purinergic receptors, particularly P2X7, maintaining intracellular [Ca] . (iii) ATP hydrolysis leads to increased adenosine which stimulates its receptors, especially A1 type. (iv) The ensuing signaling cascade leads to PKC production as well as prostaglandin production and (v) inhibition of myosin lightchain phosphatase via phosphorylation (P-MLCP) and Ca sensitization of the myofilaments. This, in addition to other Ca sensitization mechanisms, including actin-mediated pathways, leads to increased force (vi). COX, cyclo-oxygenases; DAG, diacyl glycerol; IP 3 , inositol-Tris-phosphate; PIP 2 , phosphoinositidebisphosphate; PLC, phopspholipase C; SR, sarcoplasmic reticulum. (Fig. S3) . In some experiments, strips were stimulated with 5 nM oxytocin throughout. To determine the degree of hypoxia (%O 2 ) achieved, a fiber optic oxygen microsensor (World Precision Instruments) was inserted into the bath close to the contracting uterine strips to measure the pO 2 in the bathing solution throughout the entire experiment (Fig. 1C) .
Solutions. After establishing the hypoxic protocol on spontaneous contractions ( Fig. 1 A-F) , subsequent experiments in term-pregnant myometrium, (except for those with ATPγS) were performed in the presence of oxytocin in the superfusate (5 nM). Experiments in 0-Ca 2+ were performed with CaCl 2 omitted from the solution and 1 mM EGTA added. External pH was altered either by raising it from 7.4 to 7.9 or lowering it to 6.9 by addition of strong acid or base to the superfusing solution. The nonspecific adenosine receptor inhibitor 8-SPT and specific A1 adenosine receptor inhibitor DPCPX, were used at 50 μM and 200 nM, respectively. Indomethacin was used to block cyclo-oxygenases COX1 and COX2 and used at 10 μM, and nimesulide (5 μM) was used to specifically inhibit COX2. ATPγS was used at 1 mM and A-438079 (hydrochloride hydrate) was used at 5 μM to selectively inhibit P2X7 receptors. All reagents were added directly to the perfusate and obtained from Sigma.
Measurements of Simultaneous Force and Calcium. To determine the role of Ca 2+ in the mechanism of hypoxia-induced force increase, we simultaneously recorded myometrial contractility and changes in intracellular calcium transients with repeated episodes of 10-min hypoxia. Small myometrial strips (5 mm × 1 mm × 2 mm) absent of endometrium were dissected and loaded with the fluorescent calcium indicator, Indo-1 acetoxymethyl ester (Indo-1AM, Molecular Probes) for 3 h at room temperature, as previously described (18) . Strips were then placed into a 1-mL chamber bath situated above an inverted microscope (Nikon Diaphot, World Precision Instruments) and viewed with 20× power fluor objective lens. The strips were attached at one end to a fixed hook and the other end to a force transducer, were stretched to a resting tension of 2 mN and allowed to equilibrate for at least 30-45 min. The bath was continually superfused with the salt solution (pH 7.4) at a rate of 1 mL/min at 37°C. To ensure a similar degree of hypoxia was achieved inside the 1-mL chamber bath the perfusate was directly bubbled with N 2 gas with the addition of sodium hydrosulfite (0.1 mM) to scavenge oxygen before superfusing the chamber. In addition, N 2 was also bubbled directly into the bath using a fine needle inserted into the bathing chamber. Thus, in this experimental set-up, hypoxia was induced by superfusing the tissue with the hypoxic solution and simultaneous bubbling of N 2 into the bath chamber for at least 10 min. Measurements of pO 2 showed values of 5% were obtained in these experiments.
Statistical Analysis. Force amplitude of contraction was analyzed during control and treatment periods using Origin Pro Software (Origin Lab, v8.1). Contractile activity during the final 10 min under normoxia preceding the first maneuver was calculated and taken as 100% control. The final 10 min of each recovery period following each hypoxic episode was then analyzed and expressed as a percentage of this control. Data are presented as mean ± SEM using Student's t-test for comparing two groups or Bonferroni one-way ANOVA for comparing more than two groups as appropriate. P < 0.05 was accepted as statistically significant. n is the number of uterine strips, one from each animal or woman, where appropriate.
